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A B S T R A C T
It is generally accepted that early post-weaning feed intake aﬀects post-weaning health and performance.
Especially piglets that have not consumed creep feed before weaning have to learn to recognize solid feed.
Weaning is a stressful event with an important impact on the animals. The associated stress level may aﬀect their
learning capabilities. Consequently, the question arises whether the ﬁrst day after weaning is the best day to
discover their new type of feed. An experiment was therefore designed to study the eﬀect of delayed provisioning
of solid feed on feed intake and performance of piglets. In total, 144 piglets (8.1 ± 1.1 kg, mean±SD), weaned
at 4 weeks of age, were tested. They were assigned to 24 pens, blocked per sex (i.e. castrated male or female) and
weight group. Prior to weaning, piglets received a commercial creep feed. Per body weight class and per sex,
each pen was randomly assigned to one of the 2 treatments: control (C) and delay in feed provisioning (DF). For
the control treatment, the pelleted feed (6mm) was already present in the feeders when the piglets arrived in
their pens (13:00–14:00 h). In the DF pens, the feed was provided the next morning (08:00). Feed and water
were provided ad libitum. In the ﬁrst week after weaning, it was not possible to observe diﬀerences. However, the
DF pigs showed a higher feed intake during the ﬁrst three weeks of the experiment (455 ± 25 vs 430 ± 37 g/
day, P=0.003), which was apparent throughout the entire experiment (4–9 weeks: 594 ± 30 vs 569 ± 48 g/
day, P=0.046). This resulted in higher body weights 3 weeks after weaning (7 weeks of age) in the DF vs C pigs
(16.1 ± 1.5 vs 15.6 ± 1.6 kg, P=0.005). However, at the end of the experiment at 9 weeks, diﬀerences were
no longer signiﬁcant (23.9 ± 2.1 vs 23.4 ± 2.0 kg, P=0.285). Feed eﬃciency did not diﬀer between the
groups (P=0.456 for the entire experiment). Further research into the underlying mechanisms of the observed
diﬀerences are mandatory for developing improved management practices of weaned piglets.
1. Introduction
It is generally accepted that early post-weaning feed intake aﬀects
post-weaning health and performance (Lallès et al., 2007). However,
there is large variation in the onset of feed intake after weaning and the
amount that piglets eat during the ﬁrst days after weaning. In the study
of Bruininx et al. (2002), a small percentage of pigs took longer than
24 h before eating their ﬁrst meal. The post-weaning growth check, due
to low feed intake aﬀects farm productivity (Pluske et al., 1997; Lallès
et al., 2007). Especially piglets that have not consumed creep feed
before weaning have to learn to recognize and consume solid feed.
Moreover, piglets express neophobia when faced with unfamiliar feed
(Bolhuis et al., 2009). In general, weaning remains a stressful event
with an important impact on the animals (Lallès et al., 2007; Campbell
et al., 2013). The associated stress level may aﬀect their learning
capabilities, which could in turn reduce consecutive feed intake. The
question therefore arises whether the ﬁrst day after weaning is the best
day to discover their new type of feed. Here an experiment was de-
signed to study the eﬀect of 18-hour delay in solid feed provisioning on
the feed intake and performance of piglets during the ﬁrst weeks after
weaning.
2. Materials and methods
2.1. Animals and management
For the experiment, conducted at Flanders Research Institute for
Agriculture, Fisheries and food (ILVO, Melle, Belgium) in June 2018, a
total of 144 weanling pigs (Piétrain boar x RA-SE genetics hybrid sow)
were used. The average body weight at weaning (26 ± 2 days of age)
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was 8.1 ± 1.1 kg (mean± SD). The pigs were divided among 24 pens,
blocked per gender (castrated male or female) and body weight group
(per gender 4 heavyweight, 4 medium-weight, and 4 lightweight pens
of female: 6.64 ± 0.07; 8.24 ± 0.09, 9.66 ± 0.04 kg; and castrated
male pigs: 7.01 ± 0.02, 7.86 ± 0.04, 8.93 ± 0.03 kg). The division
of littermates over diﬀerent pens resulted in them being mixed with
unfamiliar animals. Before weaning, piglets received a commercial
creep feed (175 g/kg crude protein, 91 g/kg ether extract, 63 g/kg
crude ash, 19 g /kg crude ﬁber); hence creep feed composition diﬀered
from the post-weaning diet. In the farrowing crates, piglets had free
access to a nipple drinker in a cup. Per body weight class and per
gender, each pen was randomly assigned to one of the two treatments,
with in total 12 pen replicates per treatment. Each pen measured
1m x 1.8m (1.8 m²) and contained six piglets. The feeding trough was
ﬁxed in the front of the pen and covered the total width of the pen
(1m). The drinking nipple was attached to the wall in the back of the
pen. The slatted ﬂoor was covered with a synthetic coating. The tem-
perature in the compartments ranged from 26 °C at the start to 22 °C at
the end of the experiments; the light schedule was natural daylight,
supplemented with artiﬁcial light between 7:30 h and 15:30 h. All pigs
received the same post-weaning diet during the entire experiment
(Table 1): it was cold pelleted with pellet size of 6mm. Feed and water
were provided ad libitum. Two animals exhibited symptoms of a Strep-
tococcus Suis infection; both pigs received an intramuscular injection of
1.5 ml of procaine benzylpenicilline. After that injection, they re-
covered within a day.
2.2. Treatments
Two treatments were compared, i.e. control (C) and delayed pro-
visioning of solid feed (DF). For the control treatment, the feed was
present in the feeders when the piglets were moved to their compart-
ment (13:00–14:00 h). In the DF pens, the feed was provided only from
the next morning (8:00 h) onwards. This resulted in an 18-hour delay in
solid feed provisioning.
2.3. Measurements
All pigs were weighed individually at weaning (4 weeks of age), 5, 7
and 9 weeks of age. At the end of each period, feed leftovers were re-
corded to calculate feed consumption per pen and per period. Average
daily gain in a period was calculated per pen as (pen weight at the end –
pen weight at start) divided by the number of animals in the
pen× number of days during that period. Average daily feed intake in a
period was calculated per pen as feed consumption of the pen divided
by the number of animals in the pen×number of days during that
period. Feed eﬃciency was calculated as the average daily feed intake
divided by the average daily gain of the pen. These performance
parameters were calculated for the ﬁrst week after weaning, the ﬁrst
three weeks after weaning and the total period (4–9 weeks of age). For
both treatments, the number of days was considered the same (= the
number of days present in the trial and not the number of days feed was
provided).
2.4. Statistical analysis
The pen was considered as experimental unit. Each time the average
for the 6 animals in the pen was used. Performance parameters in the
ﬁrst week after weaning, the ﬁrst three weeks after weaning and over
the entire experiment were analyzed using a linear model using the lm
function in R 3.3.3 (R Core Team, 2018). The model included treat-
ment, sex, (pen) average body weight at weaning, and all two-way
interactions as ﬁxed variables. Since none of these were signiﬁcant, the
interaction terms were excluded from the ﬁnal models, yielding a model
including treatment, sex and (pen) average body weight at weaning as
ﬁxed variables. Data were considered suﬃciently normally distributed
based on the graphical evaluation (histogram and QQ plot) of the re-
siduals. Diﬀerences were considered signiﬁcant if P < 0.05. All para-
meters were analyzed with Linear Eﬀects Models.
3. Results and discussion
No post weaning diarrhea was observed in any of the pens. In the
ﬁrst week after weaning, statistical analysis did not reveal diﬀerences in
feed intake, gain or feed eﬃciency between the treatment groups. Still,
the treatment had an eﬀect on the feed intake: over the duration of the
experiment, DF piglets had a higher feed intake than control piglets. As
a result, DF piglets showed increased body weight 3 weeks after
weaning (P=0.005, Table 2). This eﬀect on body weight was not
signiﬁcant over the whole course of the experiment, however. Feed
Table 1
Diet composition of the feed provided during the course of the
trial (4–9 weeks of age).
Ingredient composition, g/kg
Corn 254.6
Barley 250.0
Wheat 150.0
Toasted soybeans 99.1
Soybean meal (49% CP) 80.0
Premixa 60.0
Beet molasses 30.0
Wheat gluten feed (77% CP) 20.0
Potato protein 20.0
Nutrisureb 10.0
L-Lys-HCl 6.2
Monocalcium phosphate 5.3
Limestone 3.7
NaCl 2.9
L-Thr, 98% 2.4
DL-Meth, 99% 2.4
L-Val, 96.5% 1.2
Soy oil 1.1
L-Trp, 98% 0.9
Phytase (5000 IU/g) 0.1
Nutrient compositionc, g/kg
Net energy, MJ/kg 9.8
Dry matter, g/kg 887.8
Crude ash, g/kg 44.3
Crude ﬁber, g/kg 31.7
Crude protein, g/kg 185.0
Ether extract, g/kg 47.4
Calcium, g/kg 5.6
Phosphorus, g/kg 5.2
Digestible phosphorus, g/kg 3.5
SIDd lysine, g/kg 11.9
SID methionine+cysteine, g/kg 7.5
SID threonine, g/kg 7.7
SID tryptophan, g/kg 2.6
SID leucine, g/kg 12.1
SID valine, g/kg 8.3
SID isoleucine, g/kg 6.2
a The premix contained 80% dairy products and 20% vitamin
and mineral premix, providing the following quantities of vi-
tamins and minerals per kilogram of diet: vitamin A, 15,000 IU;
vitamin D3, 2000 IU; vitamin E, 100mg; vitamin K, 2mg; vi-
tamin B1, 2.5 mg; vitamin B2, 7.5 mg; vitamin B5, 20mg; vi-
tamin B6, 5 mg; vitamin B12, 0.04mg; vitamin C, 100mg; vi-
tamin PP, 30mg; choline, 324mg; folic acid, 3 mg; biotin,
0.15mg; Ca, 516mg; P, 419mg; Mg, 165mg; Na, 353mg; Cl,
1375mg; K, 1227mg; S, 234mg; Fe, 100mg; Cu, 160mg; Mn,
60mg; Zn, 100mg; I, 2 mg; Se, 0.4 mg.
b DSM nutritional products: A mixture of calcium salts of the
following organic acids: lactic acid, formic acid, citric acid
monohydrate, orthophosphoric acid, propionic acid.
c Values were calculated according to CVB, 2007 (CVB,
2007).
d SID= Standardized ileal digestible.
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eﬃciency was not signiﬁcantly aﬀected.
The results are counterintuitive, as it is generally accepted that it is
important that piglets start eating as soon as possible after weaning
(Bruininx et al., 2002). Fasting aﬀects intestinal morphology
(Moeser et al., 2012). However, in the study of Moeser et al. (2012), 4
days of fasting aﬀected intestinal morphology while intestinal barrier
function was less aﬀected. It is possible, that the amount of feed in-
gested during the ﬁrst days after weaning may be more important than
the onset of feeding (Lallès et al., 2007). The reduced feed intake post-
weaning has immediate and mid-term eﬀects on piglets’ growth and
metabolism (Le Dividich and Seve 2000). Also, individual creep feed
intake was not monitored. Still, the results are thought-provoking and
further mechanistic research may help to optimize feeding management
of newly weaned piglets. Diﬀerent theories can be raised for explaining
the lower feed intake in C piglets. First, weaning is a stressful period for
piglets (Campbell et al., 2013). As a consequence, it might be that
piglets associate this stress with the sensation caused by ingesting feed,
negatively aﬀecting their aﬃnity for solid feed. Second, the stress
around weaning may aﬀect the piglet's learning abilities. Especially
piglets that have not been consuming creep feed need to learn re-
cognizing solid feed. While pigs that are not familiar with solid feed
may learn from the animals that are used to eating feed because of
creep feed intake or because of quick adaptation to post weaning con-
ditions (Figueroa et al., 2013), their learning abilities may be impaired
due to high levels of emotional disturbance and anxiety. Indeed, an
optimal level of learning depends on the state of arousal, with too low
or too high levels being detrimental for learning (Teigen, 1994). Thus,
when providing feed for the ﬁrst time on the day after weaning, due to
their level of hunger and probably lower acute stress levels, the ability
to learn to eat solid feed from pen mates might have increased. Third, it
is possible that most pigs lack the motivation to eat very much on the
day of weaning, whether or not the feed is present. The DF pigs received
fresh feed the day after weaning. It is possible that the act of presenting
fresh feed at that time may have stimulated them to eat more. In the C
pigs, feed was already present and therefore, the pigs did not receive a
stimulus similar to receiving fresh feed on the day after weaning. In
future research, it may be useful to provide new feed every day. Finally,
the uptake of nutrients during a stressful period may by itself have some
detrimental eﬀects.
The present trial showed that an 18-hour delay in the ﬁrst feed
provisioning had a sustained eﬀect several weeks later. It shows that
appropriate feeding of newly-weaned piglets involves more than simply
providing the right set of nutrients; feeding management must also be
taken into account. As this is only one experiment with a speciﬁc de-
sign, one should be careful when drawing general conclusions from the
results. For example in the present trial, the piglets received a diﬀerent
feed after weaning and littermates were divided over several pens; with
diﬀerent designs, other responses may have been observed. In a follow-
up study, it would be useful to test the eﬀect of delayed feed provi-
sioning in pigs that are kept with littermates and that receive familiar
feed the ﬁrst days after weaning. This would allow to conclude on the
robustness of the observed results. Moreover, further research into the
mechanisms of the observed diﬀerences are mandatory for developing
improved management practices of weaned piglets. In these studies,
measurements of intestinal morphology or intestinal barrier function
should be carried out. In addition, behavioral observations may be
useful. It would be good to asses individual creep feed intake before
weaning, using a colored feed marker as well as methods to monitor
individual post-weaning feed intake of group-housed pigs by using
computerized feeding stations (Bruininx et al., 2002). While it is not
possible to give recommendations for practice based on the present
research, it can be concluded that small changes in feeding manage-
ment after weaning may have prolonged eﬀects on piglets. This war-
rants the need for further research.
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Table 2
Eﬀect of an 18-hour delay in solid feed provisioning on the performance of piglets.
Barrow Gilt P
Control (C) n=6 pens Delayed feed provisioning (F) n=6 pens Control (C) n=6 pens Delayed feed provisioning (DF) n=6 pens Treatment Sex
Body weight, kg
4 weeks 8.2 ± 1.4 8.2 ± 1.3 8.0 ± 0.9 7.9 ± 0.9 0.983 0.597
5 weeks 9.4 ± 1.4 9.5 ± 1.2 9.5 ± 0.8 9.5 ± 0.9 0.614 0.028
7 weeks 15.6 ± 2.2 16.0 ± 1.8 15.5 ± 0.9 16.2 ± 1.3 0.005 0.045
9 weeks 23.8 ± 2.7 24.1 ± 1.8 23.1 ± 1.1 23.7 ± 2.5 0.285 0.634
Daily feed intake, g/d
4–5 weeks 224 ± 23 227 ± 28 237 ± 30 251 ± 23 0.449 0.117
4–7 weeks 426 ± 53 444 ± 21 434 ± 13 467 ± 25 0.003 0.013
4–9 weeks 576 ± 69 589 ± 24 562 ± 12 599 ± 36 0.048 0.712
Daily gain, g/d
4–5 weeks 170 ± 29 182 ± 57 219 ± 51 227 ± 46 0.614 0.028
4–7 weeks 354 ± 42 373 ± 25 360 ± 22 395 ± 22 0.005 0.045
4–9 weeks 448 ± 41 456 ± 22 431 ± 24 451 ± 52 0.285 0.634
Feed eﬃciency, g/g
4–5 weeks 0.758 ± 0.107 0.788 ± 0.160 0.914 ± 0.109 0.896 ± 0.119 0.916 0.021
4–7 weeks 0.833 ± 0.029 0.839 ± 0.026 0.829 ± 0.039 0.846 ± 0.009 0.343 0.913
4–9 weeks 0.779 ± 0.023 0.774 ± 0.016 0.767 ± 0.031 0.751 ± 0.056 0.456 0.216
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